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LOA

NOTATION

Projected area of planing surface, exluding area of
external spray strips

Maximum breadth over chines, exluding external
spray strips

et

Propeller diameter

Volume Froude number V/ gvll3

Acceleration of gravity

Advance coefficient, V/nD

Torque coefficient

Thrust coefficient

Longitudinal center of gravity
Overall length

Projected length of chine
Propeller rotational speed
Propulsive coefficeint,\nnanxno
Shaft Power

Total resistance

Appendaged hull resistance: X
X

P for parent hull
T for tunnel hull

Bare hull resistance: X
X

P for parent hull
T for tunnel hull

Resistance coefficient
Shaft horsepower
Thrust deduction fraction l-(RT/T)

Thrust

Speed
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Taylor wake fraction determined from torque identity

Taylor wake fraction determined from thrust identity
Displacement volume
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Ratio of bare parent hull resistance to resistance
with appendages of hull being considered

Ratio of bare to appendaged hull resistance for the same
hull configuration

Ratio of bare parent hull resistance to
resistance of bare hull in question

Ratio of appendaged parent hull resistance to
resistance of appendaged hull in question

Hull efficiency (1-t)/(1-w)

Open water propeller efficiency

Relative rotative efficiency
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ABSTRACT

Resistance and self-propulsion data are presented for Model

5048 fitted with tunnels equal in depth to basic propeller diameter.
The relative merits of seven combinations of LCG position, propeller
diameter and trim tabs are discussed. A forward LCG position offers
the best combination of draft and shaft power. Comparisons are also
made with the same hull without tunnels and with two sets of shallow
tunnels. The 100 percent tunnel is inferior to both shallower
tunnels in draft and power requirements, but it gives superior pro-
peller protection for beaching operations. The 65% tunnel requires
the least draft and gives good propeller protection, but it requires

more power than the 40% tunnel.

ADMINISTRATIVE INFORMATION

This report was authorized and funded by the Naval Inshore
Warfare Craft Office (Code 114) of the Systems Development
Department, David W. Taylor Naval Ship R&D Center, which provides
Technical Management for the Naval Inshore Warfare Craft Program,
SSW-02 (previously the Special Warfare Craft Program, S38-20X). The
Principal Development Activity is the Naval Sea Systems Command with
program management in the Advanced Technology Systems Division (SEA
03221). Program funding is under element 6.3586 N. This specific

task was funded under center work unit 1-1140-606.
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UNITS

U.S. customary units were used for the original measurements
and calculations. SI (Metric) equivalents of US units are given
where they first occur in the text and elsewhere if required for
clarity. U.S. units are used alone when their SI equivalents have
previously been given and where the unit performs an adjectival
function, as in "6 inch propeller'". This usage has been adopted to
facilitate cross-referencing between this and previous reports in
the tunnel-hull series.

The appended data tables, prepared before the adoption of SI
units, have not been revised to incorporate SI equivalents due to

time and cost constraints.




INTRODUCTION

Minimum navigational draft is a prime requirement for small
high performance craft intended for use in shallow water.
Conventional designs have propellers and appendages which project
below the baseline, and the usual approach in reducing draft is to
reduce propeller diameter or adopt waterjet propulsion, techniques
which are not necessarily beneficial in terms of propulsive
efficiency.

An alternative approach is to house the propellers and
appendages in so-called tunnels, or troughs in the hull bottom. By
thus raising the propellers relative to the baseline, the draft can
be reduced while retaining the same propeller diameter. Propeller
efficiency may even be beneficially affected by the partial
shrouding effect of the tunnel wall. On the other hand, the loss of
planing surface and changes in pressure distribution on the bottom
may adversely affect the running trim, draft and resistance.

The general characteristics of shallow tunnel hull craft were
explored by Harbaugh and Blount1 in an experiment in which Naval
Ship Research and Development Center Model 5048 was equipped with
two sets of tunnels, accommodatedwithin the original hull lines.
Propellers of 6,00 inch (0.152 metre) and 5.25 inch (0.133 metre)
diameter were employed. The tunnels were 6.062 inches (0.1540
metres) wide and had depths of 40 and 65 percent of the larger
propeller diameter. Resistance and self-propulsion runs were

conducted at Langley Field, Virginia.




The current experiment was more specifically intended to
examine the potential of deeper tunnels as a means of providing
increased propeller protection, especially for beaching operations.
For this application overall efficiency is a secondary

consideration and waterjets are often employed because of their

comparative immunity to damage. It was hoped in this experiment to
obtain similar immunity for propellers in deep tunnels while
retaining the efficiency advantage of propellers over waterjets.
David W. Taylor Naval Ship R&D Center Model 5048 was fitted
with a set of 100 percent deep tunnels and resistance and
self-propulsion runs were conducted at Langley Field, for similar
conditions of displacement and static trim to the earlier tests. Two

other static trim conditions were also investigated, and in addition

o et o e i

trim tabs set to 5° and 10° were fitted to the stern for an
abbreviated series of runs. The same two sets of propellers used
previously were again employed.

This report is in two parts. The first presents the results of
the 100 percent tunnel hull experiments while the second compares
the results of the current work with the previous parent and tunnel
hull test results. Because a large number of hull configurations
are discussed, particular care should be taken to distinguish
between them. In this report, 'parent hull" refers to the original
model 5048 without tunnels. Tunnel hull forms are identified by the
depth of the tunnels (40,65 or 100%). The 100 percent tunnel hull
is further described in accordance with its LCG and trim tab

configuration as outlined in Appendix 1. Any of these hull forms is

4
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also described as ''bare' or "appendaged' depending on whether the

normal appendages (rudder, propeller shafts and struts) were
present. Finally, most of the tunnel hull configurations were

tested with two sets of propellers.

MODEL DESCRIPTION AND EXPERIMENTAL PROCEDURES

Model 5048 had been selected by Harbaugh and Blount as the
parent hull from hydrodynamic and design considerations. The model
specifications are given in Table 1. The model was modified to
accept two fiberglass tunnels, details of which are shown in Figure
1. The upper curved boundaries were formed by sections of two 6.062
inch (0.1540 metre) diameter cylinders intersecting at 12 degrees,
and the side walls were flat vertical sections parallel to the
center line. Appendages comprised twin rudders (mounted in the

tunnels), propeller shafts and struts.

TABLE 1 - Specifications for Model 5048

LOA 10.125 ft 3,084 m
Lp 9.75 ft 2.972 m
B 2.62 ft 0.798 m
Px 2 2
AP 20.65 ft 1.918 m

2 2
Projected area per rudder 0.078 ft© 0.00725 m
Deadrise (afterbody constant) 8.5 degrees

Shaft angles (with respect to
baseline, for 100% tunnels) 1.17 degrees




Trim tabs were fitted to the transom for some runs, and details

of their location and dimensions are given in Figure 2. Stern views
of the hull with 6.00 inch diameter propellers, appendages and trim
tabs in place are given in Figure 3.

The propellers were left- and right-handed pairs, having
diameters of 6.00 and 5.25 inches (0.152 and 0.133 metres) and
nominal tip clearances of 0% and 7.1% of their diameters. Mean
values of the open water characteristics of each pair of propellers

are given in Figure 4.

The model was ballasted to a displacement of 340.5 1b (154.6
kg) for all runs. It was towed in the thrust line and for
propulsion tests it was powered as closely as possible to the
self-propulsion point. Five different configurations were tested as
described in Appendix 1. Configuration 1 (LCG=39.8% Lp forward of
the transom) corresponds to the configuration employed in previous

experiments.

EXPERIMENTAL RESULTS FOR 100 PERCENT TUNNEL HULL

The hull characteristics for the five configurations tested are
presented in Figures 5 through 9. The data have been
non-dimensionalized (except for trim angle) for ease of comparison
with previous tests, which were conducted at a slightly higher
displacement (345 1b, 157 kg). The draft figures refer to draft of
the baseline at station 10. Resistance values have been corrected
to fresh water at 59°F (15°C), and only the horizontal component of

towing force is reported.

6




Figure 10 presents the appendage drag factor "s for

configurations 1, 2 and 3. Care should be taken to distinguish
between s (the ratio of bare to appendaged hull resistance for the
same hull form) and "a (the ratio of the resistance of the bare
parent hull to the resistance of the appendaged tunnel or parent
hull). Confusion can lead to serious misinterpretation of the data.
Addendum 1 discusses this subject at length and should be referred
to.

Propulsive characteristics (1-wT, I-WO, 1-t, and nR) for
configurations 1, 2, 3, 4, and 5 are shown in Figures 11 to 14. The
computation of these coefficients was done using a computer program
available at DTSNRDC which corrected the data to the self-propulsion
point. Sample data from the earlier tests were also re-analyzed
using this program and identical results to those reported earlier
were obtained. The data were cross-faired using another standard
DTNSRDC computer program to avoid anomalies arising from visual
fairing of individual curves.

Data taken during the experiment are tabulated in Appendix 2.
These data correspond to Langley water conditions, which are as
given in the tables. Data which were obviously defective have been
omitted, which accounts for missing run numbers. ‘

Propulsive coefficients calculated from the Langley data (but
not cross-faired) are presented in Appendix 3.

Trim, draft and propulsive coefficients for the basic condition
with 6 inch propellers have not been plotted because their abnormal

values and scatter indicate that the measurements are erroneous,




These measurements were the first to be taken during self-propulsion

tests and problems with test techniques were encountered.

DISCUSSION OF 100 PERCENT TUNNEL HULL RESULTS

The general trends exhibited in trim, draft and resistance are
consistent with the configuration changes represented in
Figures 5 through 7. Rearward movement of the LCG results in
increased running trim and reduction in the volume Froude number at
which peak trim occurs. It also results in greater maximum draft,
although the peak remains at an= 1.3. A secondary hump occurs in
the draft curves, roughly coincident with the point of maximum trim
for each configuration. Both trim and draft are somewhat higher in
the self-propelled condition than when towed. A contrast is evident
in the comparisons of bare hull and appendaged hull behaviour, where
the bare hull trim and draft are below, equal to or, above the
appendaged hull values depending on the static trim. Despite this
the appendaged resistance is always higher then the bare hull
resistance.

A feature not noted in previous tests is the distinct trim and
draft characteristics associated with each set of propellers.
(Previously, one set of curves defined the trim and draft character-
istics for both propeller diameters.) This may be due to the
increased tunnel area acted on by the propeller flow field.

Comparing appendaged resistances, configuration 1, with the

basic LCG position, has the lowest resistance up to F =4.0.
n
v
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Configuration 2, with the LCG moved forward, shows higher resistance
over the entire speed range. Configuration 3 shows higher
resistance at intermediate speeds but matches configuration 1 from
an=3.0 to an=4.0 and is slightly better at higher speeds.

A comparison of Figures 5, 8 and 9 shows that running trim is
markedly reduced by the addition of 5° transom flaps. Changing to
10° flaps reduces the peak trim angle still further. Running draft
is also reduced, but less dramatically, and at an=4.0 it is
practically unchanged for both flap settings. Resistance character-
istics are practically unchanged up to an=2.5, but above that speed
the resistance increases sharply with increasing flap angle.

The appendage drag factor s (Figure 10) changes somewhat with
LCG position; with configuration 1 giving the highest values, in the
order of 0.97. The other configurations yield values in excess of
0.92 over the Froude number range from 2.0 to 4.0 (the accuracy of
the calculation becomes questionable at lower Froude numbers because
of the small numbers being ratioed). These high values probably
reflect the shadowing effect produced by mounting the appendages in
deep tunnels out of the free stream flow.

The propulsive characteristics are given in Figures 11 through

14. They exhibit many of the same features that were seen in

earlier experiments. For example, r is higher for the propeller

with zero tip clearance, (1-t) is relatively unaffected by propeller
diameter, and (1-wQ) and (]-WT) are higher for the smaller diameter
propellers. Reference (1) discusses these effects at length, so

they will not be elaborated on here.




It should be noted that (1-t) is computed as the ratio of the
horizontal component of appendaged resistance to the shaft line
thrust, and this is consistent with the earlier tunnel hull data
analysis.

Figures 15 and 16 are summary plots for each set of propellers,
from which it can be seen that both sets of propellers are quite

insensitive to changes in trim and draft arising from shifts in the

ps (1Wg) and

(l-wT) curves. The introduction of trim tabs produces greater

LCG position, as evidenced by the similarity of the n

changes in these coefficients, apparently because the low trim
angles which are obtained serve to mask the propellers to greater

degree.

PERFORMANCE EVALUATION OF TUNNEL HULL FORMS

The relative merits of the various tunnel hull forms tested
during this program are discussed in the following sections. The
main text presents comparisons of overall draft and required shaft
power, the two most important performance criteria, so that the
results of using different tunnels can be readily seen. This is
an appropriate method of presentation because all of the models
were derived from the same parent hull form.

An alternative method of data presentation is the one adopted

in Reference 1. There the objective was to formulate a preliminary
design method for obtaining initial powering estimates for tunnel
hulls derived from any conventional planing hull form. 1In this

method the bare hull resistance of the basic planing hull in question

10




is used in conjunction with an efficiency factor

(which accounts
AH'R
for all the interaction effects of the tunnels and propellers
with the parent hull) to obtain an estimate of shaft power from
1 1
T e N T

Values of the efficiency factor were determined from the 40% and
65% tunnel experiments described previously.

Unfortunately, a data reduction error resulted in incorrect
values of the efficiency factor being reported in Reference 1.
This also led to misleading conclusions being drawmn concerning the
advantages of 65% tunnels, as a comparison of Reference 1 and this
report will show. The opportunity has been taken in this report to
correct these errors and to add data for 100% tunnels so that the
usefulness of the design method can be extended. These corrections

and supplementary data have been presented in the form of an addendum

which can readily be copied and inserted in Reference 1.

Relative Merits of 100 Percent Tunnel Hull Configurations

Two measures of merit can be applied in attempting to evaluate
the craft configurations reported. The first is obviously the
navigational draft. The value reported here is the draft of the
baseline at station 10 (transom), chosen because it represents the
deepest point on the hull for the general case of bow-up running

trim. Shaft power, obtained from the equation

1 1
n.n )n

P.oo R V()
BX "BHR o

S T

oy}

"o

- v
or PS RT (

AX "H'R




is the other measure of merit. As the equations make clear, shaft

power depends on three separate factors, namely the bare or
appendaged resistance of the hull in question, the interaction
effects of the propeller and hull, and propeller open-water
characteristics. The shaft power calculation in effect summarizes
the results of variations in these factors which have already been
illustrated individually. Therefore, in assessing the relative
merits of the seven combinations of propeller diameters, LCG's and
trim tabs under consideration, it is necessary to examine their
power requirements to determine the net gains to be achieved by
changing any of these parameters.

Power requirements and drafts of the seven configurations are
summarized in Figures 17 and 18. Unfortunately, the parent
configuration with zero-clearance propellers is not represented
because of faulty data, so the comparison is incomplete;
nevertheless the trends exhibited in these figures reveal that this
configuration can be expected to have slightly lower draft then the
same configuration with smaller propellers, and its shaft power
input is likely to be about 7 percent lower, for an>3.0.

The figures show that the use of 10° trim tabs with
zero-clearance propellers gives minimum draft at hump and up to
an=3.5; however, this also requires the highest Ps expenditure at
high speed. A better compromise is the use of 5° trim tabs, but the
best appears to be the use of a forward LCG position, in which case

the draft at hump increases only slightly (although it decreases

less rapidly with increasing speed). The latter option requires

12
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significantly less power and avoids mechanical complexity and is

thus the most desirable compromise.

Comparison With Previous Tunnel Hull Forms

The same two measures of merit which were employed in the
foregoing section can again be used to evaluate the 100% tunnel hull
relative to the parent and shallow tunnel hull forms. Figure 19
gives the shaft power requirements for the various hull-propeller
combinations, all at LCG = 39.8%. The 100% tunnel - 6 inch
propeller power requirements have been estimated from the trends
observed during the current series of tests. It can be seen that
the power requirements become progressively greater as tunnel depth
is increased, to the extent that the 100% tunnel - 5.25 inch
propeller combination requires 43% more power than the parent hull
without tunnels, at an= 4.0.

This increase in required power is due to two factors. First,
there is a very marked increase in resistance associated with
tunnels greater than 40% of propeller diameter. Figure 20 gives the
percentage changes in resistance coefficient for various tunnels
compared to the parent hull, both bare and appendaged. The 100%
tunnel hull has as much as 50% higher resistance for the bare hull
and 32% with appendages. This puts the deep tunnel at a serious
disadvantage when computing the shaft power of the various hull
forms. ‘The increased resistance can only be offset by substantial

increases in propulsive coefficient (n”xn xn ), and these
0

R




unfortunately are not realized in practice (Figure 21). In fact,

the opposite is true and this is the second cause of the power
increase.

It could be argued that different propellers more suitably
matched to the particular operating conditions would improve the
relative power requirements of the deep tunnel hull, by achieving a
higher n, than the propellers actually used in the experiment.

(This assumes that onn is not affected by changes in propeller

R
pitch.) However, Figure 21 demonstrates that a sizeable increase in
T is required simply to bring the propulsive coefficient back to
its original value (i.e., the parent value) before beginning to
compensate for the large increase in appendaged resistance. To
fully compensate for both effects could require upwards of a 35%
improvement in no, and this is unlikely to be achieved in practice.
Further experiments with various propellers of the same diameter but
with various expanded area ratios and pitches would help in clarifying
this point. Meanwhile, it can be accepted that the penalty in shaft
power is significant when 100%, and to a lesser degree 65%, tunnels
are adapted.

The other merit factor to be considered is navigational draft.
Here the comparisons are complicated because the propellers project
below the baseline in some cases. Hence, overall draft becomes the
criterion rather than draft of the baseline (although the two may
coincide). Nevertheless, a comparison of baseline drafts serves as

a useful starting point (Figure 22a). The values for the 100%

tunnel hull are for the 5.25 inch propellers but the 6.0 inch




propellers would give similar results. It is noteworthy that the

baseline draft increases as tunnel depth increases. This is due to
the loss of planing area and buoyancy aft and is accompanied by
increased trim angles.

A different result is obtained when the overall draft,
including propeller draft, is considered (Figure 22b). Here the
rarent hull clearly is at a disadvantage while the 65% tunnel hull,
whose propellers do not project below the baseline, is superior.
The 40% tunnels offer a fair advantage over the parent but the 100%
tunnels are of minimal benefit. This is clearly due to the loss of
buoyancy and planing area of the deep tunnels resulting in much
deeper running draft visavis the shallower tunnels. (The estimated
displacement of the various tunnels is: 40%, 12 1b; 65%, 17 lb;
100%, 34 1b).

In view of the small improvement in draft over the parent hull
and the very large increase in shaft power required, it could be
concluded that the 100% tunnel hull is inferior to shallower tunnel
hull craft. However, this conclusion can not be considered
absolute, for two reasons. First, all the hull-tunnel forms have
been compared with LCG held constant and it has been shown, at least
for the 100 percent tunnel, that other LCG positions lead to more
favourable characteristics. Second, the objective in utilizing 100
percent tunnels was primarily to achieve increased propller
protection. The alternative, the use of waterjet propulsion, would

also involve a signficant performance penalty so that a more




meaningful comparison would be waterjets versus deep tunnel

propellers. In the absence of waterjet tests on the same hull, the
comparison is not easily made but the propulsive coefficients greater
than 0.6 which were recorded for the propellers in deep tunnels are
not likely to be matched by waterjets. This is only a preliminary
judgement , of course, and should be confirmed by waterjet tests in
the same model.

For general operations the 40% and 65% tunnel hulls represent
useful compromises of draft reduction versus required shaft power,
with the choice depending on the relative importance attached to
draft, propeller protection and power requirements. The 65% tunnel
hull offers lower draft and greater propeller protection, at the
expense of greater shaft power.

A factor to be borne in mind in considering the operation of
planing craft in shallow water is the suction effect between the
hull and the bottom. Investigation of this phenomenon2 shows that
sinkage and resistance can be greatly increased at near-hump speeds
by decreasing the water depth, but at high speeds the resistance can
be significantly reduced. These effects should be remembered when
applying the data reported here to actual craft designs. The
comparisons made here should, however, remain valid in determining

the relative merits of the various hull forms.




CONCLUSIONS

The relative merits of seven combinations of propellers, LCG's
and trim tabs have been determined using baseline draft and required
shaft power as criteria, for the 100% tunnel hull. Zero-clearance
propellers are slightly superior to smaller-diameter propellers.
Trim tabs reduce the peak draft, which occurs at about Fn =1.3, but
require greater power at high speed. A forward LCG positZon gives
almost the same peak draft without as great a power demand at higher
speeds. An aft LCG position produces the best power characteristic
but the greatest draft at hump.

The 100 percent tunnel hull has been compared with 40% and 65%
tunnel hulls and with the parent hull without tunnels, using similar
criteria. Power requirements become progressively greater as tunnel
depth increases, and this is primarily due to increased hull
resistance. The 100% tunnel requires about 40% more power than the
parent hull at an=4.0. Changes in propeller design are unlikely to
significantly reduce this margin.

Overall draft (including propellers) is used as another
criterion. All the tunnel hulls are superior to the parent. The
100% tunnel is inferior to shallower tunnels but gives greatest
protection to the propellers and permits beaching. The 40% and 65%
tunnels both offer some advantages and the choice depends on the
tradeoffs in draft, power and propeller protection. The 65% tunnel

hull offers lower draft and greater propeller protection but

requires more power than the 40% tunnel hull.
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APPENDIX 1

Model 5048 with 100 Percent Tunnels

Summary of Test Conditions

Configuration 1
Bare Hull Resistance
Resistance Test (Appendages)
Powering Test 6.0" Propeller
Powering Test 5.25" Propeller

Configuration 2
Bare Hull Resistance
Resistance Test (Appendages)
Powering Test 6.0'" Propeller
Powering Test 5.25'" Propeller

Configuration 3
Bare Hull Resistance
Regsistance Test (Appendages)
Powering Test 6.0" Propeller
Powering Test 5.25" Propeller

Configuration 4 LCG = 39.8% LP
Resistance Test (Appendages)
Powering Test 6.0'" Propeller

Configuration 5 LCG = 39.87% Lp

Resistance Test (Appendages)

Powering Test 6.0" Propeller

19

LCG = 3,88 ft (1.18 m) from Station 10 = 39.8% Lp

Runs 341-355
Runs 4-24
Runs 26-65

Runs 66-83

LCG = 4,32 ft (1.32 m) from Station 10 = 44,.8% LP

Runs 356-377
Runs 84-110
Runs 132-150

Runs 112-129

LCG = 3,39 ft (1.03 m) from Station 10 = 34.8% LP
Runs 378-392
Runs 151-166, 270-274

Runs 168-181

Runs 182-185, 254-269

10° Trim Tabs

Runs 289-305

Runs 276-288
5° Trim Tabs
Runs 326-340

Runs 306-321
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Appendix 2

- VELOCITY, FY/SEC

- TONING PORCE, AD.

= BARELINE DRAFT AT TRANSOM, INCHES

- TRIN ANGLE CHANGE VRON REST, DEGREES

- TERDST ON STARBOARD SRAFT, AD.

TORQUE OF STARBOARD SRAST, LS. IN.

~ THRUST ON PORT SEAPT, LB.

~ TORQUE O PORT SRAFY, LS. 1N.

=~ SEAFY ROTATIONAL SPRED, RERS/SEC

™ow T, L3,

e

CONFIGUPATION | = 1.0 PER CENT TimNELS - RARE muy| RESISTANCE

RUN  VEL NRAG <FAVE TR{M SToDY STROQ POATT PORTQ  RPS RES  ORAFT  FNV
a1 632 (T34 ) T.9v 1.5 <0400 <=0,00 =-0.,00 =0.00 =-0.00 «00 «380 «ST7S
32 T.06 1Y) R,95 2.20 =0.00 =-0,00 =0.00 =0.00 =-0.00 00 o628 937
IS4 8.76 I1.52 10,60  4e02 =000 <-0.00 =-0.00 =0.00 =-0.00 00 -S04 1.168
343 10603 JASL 10.A7 €462 =0e0p =0.,00 =0.00 =0.00 =0.00 00 «SET 1,335

364 12.16 41.33 10.67 “.92 =0.00 =0.00 <=0.00 00 <507 1.619
348 4.9 4R,56 [0.5C 5.65 -0.00 o0 e90 1,99
306 16.88 SALI9 10.1¢  6.09 -0.00 00 481 2.267
3T 19,49 40.67 9,61  6.2) -0.00 487 2,621
I8 21,59 4698  9,0e  b49) =900 430 2.874
349 22,99 AA.6 R0 Ser7 -0,00

350 23.98 A7.09 Am,A2 5,61 -0.00

39S 26.8% 7V.80 ".55 S.0)
381 27.26 9.k 7.9? Se10
382 29.90 Ab.ss T,V 4,08
353 Ya.fe 101.89 Tell .20

-0.00
=0.00
=0.00
=0.00

CONF IGIRATION | = 100 PFR CENT TINNELS = RESISTANCE wlTH APPENDAGES

RUN  VEL NRAG <EAVE  TWIM  STHOYT STADQ PORTT PORTQ  APS RES  DRAFTY

1.77 0.00 0 «J79
1.56 M
2.56 o439
2,50 «43Y
“,01 515
o,08 <508
S.2)
Seid

CONFIGURATION | = 110 PFR CENT T(mNFLS = 9429 INCH PROPELLERS

“wave Tuiu  STHDY STROQ PORTT pORTO oS ReS DRAPFY v

1569 5eba  S,10  3.37 .87 11.52  S.10 .38V .Se8
2.5 11,52 9,09 11,36 18,73 18,70  .ea) 929
“. %0
5.1)
s, 17
T.37
T.70
7.8)
T.10
0.9
L T

.07

Appendix 2 - Experimental Data for 100 Per Cent Tunnel Hull
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CONFIGURATION 2 = 100 PER CENT TUNNFLS - BARE HULL RESISTANCE

RUN  VEL nRAG
356 ael? . le
IST  6.70 10.%0
s T.22 18,02
ISA A0S 21.9
159 9,92 18.A
360 12.06 41,84

45,70
82.12
Sa, 78
he.’S
AV, 0)
AS. 12
AR, S5

RAPR TS
AN.5)
LL )
10V.95

CONFIG!RATION

RUN  VEL noaG
R 4,29 V.70
108 4,63 S.1R
10A 4,90 4.5
107 S.9 11.64
A5 6,63 11,71
108 7,62 19.-9
109 T.42 21,7
99 8.29 28,57
110 2,9 .57
86 9,59 18,3)
A7 13.10 S1.50
103 185,71 Sa,21
A8 15,78 SA.*)
9 17,10 #2.'0
A9 A,76 A5, T2
98 21.28 70.°?
90 22.07 Tl.es
91 26.39 7A.49
97 24,92 79,91
9  2S.44 T4,.%
92 27.

101 2a.15
102 11.03
93 I1.0n

M 6.V 112,62
106 14,59 122,97

CONF IGURATTON

RUN  VEL NRAG
172 4,08 =15
1% T.27 =5,29
166 LY -all
18 9,95 1,51
165
167
166
168
1%
1.
1%9
140
161
17
162

183

CONF [GURATION

DRAG
1.88

128 10.02 -2.1%

4FAVE
LT
A A9
V.62
P8 14
9,.A1
9,48
9,81
9,21
Q,%
Q,"
9.07
Q)¢
L L)
LT
n.0l
7,92
1,27

2 - 1.0

“EAvE
a,a7

[ H

2 - 10

“FAvE
T
a9
o &5
10.5¢

2 - 100
“EAVE

TRIN
o3&
.26

)

STauQ
=-0.00
-0,00

PER CENT TunwFLS -

TRim
2]
37
o7
e
23
L)

1.31

l.68

2,56

2.90

3.5«

3.9

1,90

“.9%
5el9
“. 96
4469
6,6
LYY

STROY
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.C0
0.00
0.00
0.00
0.00
0.00

0.00

STann
0.v0
velo
0.00
0,u0
6,00
0,v0
0,00
0,00
9,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
v.00
0.00
v.00
0.00
0,00
V.00
0,00

PER CENT TimnELS -

TR~

.5
1.2%
2,09
3.65
Jan9
LYy
w26
“.57
5.39
5.59
S.08
6.07
6,06
5.95
S.07
Sa78
5.82

STHDY

APRA ]
13.Rn
15.51
22.7
2S. N
2h.77
29.7=
32.66
V.77
35.60
36.97
38.11
38,25
36.52
«0.0)
LI L)
S0.7)

sTavQ

.89
16,29
18,76
26,49
Yo,
12,50
36,09
“l,15
63,22

56,57
62,71
70,97

PER CENT TIWNELS -

TRIm
«52
1.0}

STHOY
9
8,92
16,75
21.6%
26,01
30.2Y
33.79
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$TROQ

1,88
11,29
18,18
26,40
32,00
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vYOuTY
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

PORTOQ

SO0RYQ
0.00

ReS

0.00
0.00
0.00
0.00
0.00
0.00

6+0 INCH PROPELLERS

PORTT

3.8)
18,12
16,53
22,98
26,56
28,48
3132
36,6
37.97
39.69
«0.36
“2.8)
42,96
“1.57
6,33
S1.30
50.66

5.25 INCH PROPELLERS

PORTT
91
9.08
16,66
20,88
264,40
29.32

PORTQ
.. 62
17.45
20.45
26.77
.75
15,66
19,78

PORTQ

1.7)
11.02
18.1)

RPS
9.67
16,77

RPS

11.30
3

RESISTANCE WITH APPENDAGES

RES

bl
401
oel?
392
379
«366
+ 35S

DRAFTY
324
3%
LT
«500
.87
079
481
69
«50n
«490
o7A
hb7
48y
438
o016
.17
08

v

«S71

590

«652

o791

+88)
<988
1.061
1.103
1.190
1.277
1.764
2.091
2.100
2.276
2.457
2.83)
2.938
3.267
317
Vo486
3712
Y. 747
4130
.17
4,571
4.8T0

|
i
|
|
|
1




CONFIGURATION Y = | 0 PER UENT TUNNFLS = HaRE min | WESISTANCE

aUN  VEL MOAG  4Favt A Slasy #0x11 PONTN Aes RES DRAFT Fuv
WA Al a9 9N 99 -0.00 =090 =0,00 =0.00 .43 567
e r 10,61 ~el? “vell -t.00 -0.00 =-0,00 695 «933
Wo .00 -v,v0 -0.00 -0,00 -0.00 .56 1,166
3») .60 -L,v0 -0s00 =0.0v =-0.00 S6a 1,327
2 Ta? -9,00 =2.00 =0.0v =-0.00 JSan 1,721
wy 1.0 =0.00 =1.00 =-0,0u =0.00 .58 2,013
e 1,97 -v.00 =0.00 =0.0v =0.00 .507 2,771
IS T v, 00 =0.00 =0.0v =0,00 4850 2,651
b L 6.7) “va"0 =0.00 =-0.0u =0,00 636 2.ATe
hLAJ New2 “6el0 =0.00 <~0.00 =-0.00 =-0.00 ele 3,051
ALL} SevA <87 3.32)
ne L Seed -v.vo «J61  D.87e
3% T.2e Sel0 “v.t0 o366 4,005
o2 LN w“etl ~vevl 032V 6,260
L] LTS Al “.S56 =0,00 2320 6.850
CONFIGURATION Y = 1.0 »ri (FNT TUNMFLSG = WESISTANCE wiTe ARPENDAGES
QUN  VEL NREG  «Favt Tufu  STeOY  Sla@ug 2awlil  oukTO wos RES nRaF T FNY
1S aea8  &.01 9,29 3,010 0.50  L.(0  0.0v 0400 0.0V =0.00 .4sl +59%

152 7,30 21,63 10,71 “.eS 0.uh L. € 0udu 0400 0.0 -0,00 ,509 .972
270 9.7A 40,50 11.A"  A27T  0.00 0,u0  0.0¢ 0,00 0.,0v -0,00 .563 1,302

A%, & 1)A% n,eY 0,00 L,u0  0.0¢ 0,00 0.,0u =-0,00 ,56& 1,318
156 13,23 S3,17 7432 0.uf w0 0,00 9,00 0,0u -0,00 ,562 1,761
271 18,72 85, V) T.l2  0.00  v,00 0,00 0,00 0.00 <=0.00 ,S2& 1,959
186 16,9 S7,67 Toe9 0400 w,u0  0.00 .00 0,00
1SS 14,22 &), 7,79 0.0A 0,90 0.0v  %.00 0.0v
186 17,48 AQ,"7 Tewh 0,00 vl J0  0.0¢  0.00 0,00
156 19,3 &), 7 3,2= 6,86 0,00 0,u0 v.0C 0.00 0.00
272 19,74 A4,97 9,0 6,58 0,00 0,00 O.uu 0,00 0,00 <-0.00 .eeS 2,628
186 20,88 43,9 09,32 6,09 0.0¢ w,uC 0.0 €,00 0,00 =-0,00 .e2" 2.75)
157 22,01 A7,17 A 0«  b,4b 0,00 U0 0.0 0,00 0.00 =0.00 LIA> 2,930
273 26.73 Ve le A0 5,51 0,00 L, JC  0.0C 0,00 0.00 -0.00 L3IAT 3,292

158 To¥? 5,8 0,00 (,.0  0.00 0.0C 0.0 -0.00 .)ea 3,310
159 oA 5,29 0400 w2 0.00 0.00 0.0 -0.00 L3601 3.738
160 Tonn eoHe 0.L0 Vevd 0.00 0.00 0.00 =-0.00 334 4.1
161 AoRe 937 0.0C (.00 U.du 0,00 0.00 =0.00 4325 4.SIA
162 LR “.l? 0.00 0,00 JeOu 2.00 0.00 ~-0.00 o317 a.mO7

CONFIGURATION 3 = 100 PER CENT TUNNFLS = #.0 INCH PROPFLLERS

NRAG 4FavE  TRIM STHOY STaug ~OWTT PORTR  RPS RES  DRAFT  Fuv
-etl 9,62 3435 .67 w48 3.8 5,03 10.00 «.30 oa? 863
=337 11,V 5,21 15.7) 18,16 1AL 19,24 20,28 20,90 .53 ,97)
=1.42 12,09 .96 23,15 27,06 23,n1 28,86 25,50 &1,80 STe 10011
«0T6 11,97 7.3V 30.1¢ 36,06 1.3 9,38 29,93 51,20 PLYCREE TS |
=39 11.AY FaDY 1L TR v, e 36,70 w319 33,08 S6,40 LS55  1.989
“4e87 10,89 FL.06  35,PL 45,32 S8,7) 49,55 3A,06 59,40 L5171 2,208
=2,93 . 10,20 T.67 I5.RR  L3,N2 3R,G¢ L5,81 37,3« 61,20 JOAE 2,627
-2.00 9.5 Te39 35,74 47,00 39,87 0,30 39,3 63,70 ST 2.he8
177 21630 =2.85 9,33 7.26 35,31 46,89 19,92 0,77 «l.He 66,10 .64l 2,835
178 22,81 =.50 A,R2 6,86 16,17 8,72 0.5 S5.06 2,7« 69,20 ,e}9 3,036
173 24.82 =95 AV? 6.27 37,04 S2.67 w2.42 89,00 65,29 73,60 4195 1,306
176 27,32 =.R9 7,86 ST 40.36 SK, ) <h.Sy  ARLE0 eB.A8) 79,30 LITY 3.8)7

A 181 10,06 -2,09 7,66 5,20 AS,1> &5,57 1.8l T6.7R 53,05 86,60 LISV .00!
CONFIGURATION Y = 150 PER (ENT TUNNFLS = 5425 INCH PROPELLERS ﬂ
aUN  VEL NRAG «FAVE  TRIm STHNT STADQ PORTT BNRTG  RPS RES DRAFT  FNv

18s 3.6 =1,5) 9,43 3.3 402 5.03 3.80 S.01 11.93 «.00 chbn «S11
1S 14.A9 1,22 12,00 8,67 32,75 40,43 31.69 18,65 4,92 56,60 «ST0 1.982
1802 17,2y <361 10,9 B8 IA.30 44,53 37,46 46,79 «l,17 S9.A0 519 2,29
183 24,38 2.8 LI} 6,56 37,35 SO, 17 36,23 49,64 8,20 72,30 395 3,261

CONFIGURATION 1 = 100 PER CENT TimNELS = S.25 INCH PROPELLERS

NRAG wFAVF TRIM STENY STadg PORTT PORTQ RPS
65 1,86 G 9 15,27 17,05 1S.10 22.70
12,28 5.8 21,88 25,60 2]1.Re 27,26

12,66 7,17 25,10 28,76 25,31 30.05
12,10 T.78 28.8n 18,99 29,30 i
11,92 A,32 35,2 _ de.60 j
11,82 8.56 e, Y26 I
11,67 ALbe 36,62 16,5)
[ T.HA A9 PLLIS | L]
nRe T.01 38,9
R, AeS elelo 2.7
7.9 S.87 &S.12 S
7,80 5,82 a7.54 .o,
AOR W, T8 SALAR SALR 68,51 102,
’
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CONFIGURATION & = 1.0 FER CFNT TINNFLS = RESISTANCE wiTh APPENDAGES

VEL nean

1,13

CONF IGURATION
vEL neaG
410 =S3
a.78 .o sh
LD L P L]

9.99 PR |
12.51 T.N0
1

L

ns
3o
nr
ns
07
i
"2

e
e
e
320
32

CONFIGAMAT IO
VEL s
N2

18,28

2.

1,06 12%,Co

CONFIGURATTON
vEL MG
4l =1.78
8.%2 51

.02 2,68
9,94 -1,%9
11.08 .17
15,00 -1.%1
17,10 2,48
19.5% "9
21.722 =30
22,80  -1.5%
26441 b
?27.728 38
19.01 -7
AL 7

.- 10

“Favf
.60
a2
9,48

10.1*
9,99
LS )
9,34
9,0l
LN
a0
.,
7,80

“avF
7,70
a7

9,0
e, 74
9,6e

4§li!

10,70

TRIM STEDT STROQ
-0,00
-0,00
-0,00
-6,00
-0,00
-6,00
-C.00
-0,00
-0,00
-0,00
-u.00
-0,00
-0,00
-9.00
-0,00
-0,00

PER CENT TUNNFLS -

Talm SsTe0T STalo
126 4,48 4,06
1eS6  9.7a 10,58
2.86 16.70 19,09
3,78 20.76 23,65
006 26,68 W, %6
07 29,77 30,%9
8,82 33.9% 42.71)
©.57 37.79 &8,.5R
“e89 38,54 49,77
©,57 #0.54 S5,v0
“.8] &4.R] K202
8,21 9,16 A5, 32

PER (FNT TimnfLS =

Tale Steny  Sla
1.20 -0.00 ~-v.v0
1.77 -0.00 -0,00
2,92 0.0 ~-v.\0
FeT? <0.00 =v,t0
384 0.0 -V, .0
“.0Y -0.06n -0,u0
.ol 3
.5
wela
“.h8
..00
.4
.. 0
J.0e
1.5

PER CENT TimwfFLS -

Thiw SThDT STau0
CYLL]
20,46
26,18
?25.¢1
27,60
19,9
2,96
«7,55%
60,90
Ge,10
AV 26
#5,.56
78,75
92,60
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PORTT
~0.00

6.0 INCH PROPELLERS

LO AR
Lokl
10.32
17 .46
€1.4)
26,17
32,64
ar.29
2.17
“3,.59
“6,32
S1.20
Sh.hL

ResISTancE

oMY
=0.00
=0.0¢v
=0.94
=0.0v
=040

=0.0v
“v.0v
=0.0¢
~0.0f

“Velv
=0.C0
=0.00
=0.00
V.00
=0.00

6.0 INCH PROPEL

YORTT

“.03
17.56
21.60
2.
26,65
33.62
7.8
39,75
“2.81
67
“T.b6
33,48
60,22
12.57

oURTQ
4,68
12.20
20.69
25,10
12.06
19,36
“6,26
53.57
€6, 70
a0l
6,59
73.R9

DOHRIN
=-0.00
=%.00
=-6.00
-0.00
-v.00
-0.00
-0.00
=0.00
=0.00
=9.00
-0.00
-C.00
-0.00
-0.00
-C.00

LICAD

4.5R
20,08
25,18
25.77
29,04
19,89
«b,07
€0.22
e .59
§7.2%
aleTe
70.39
R0.91
100.40

RPS
10.18
16.2%
2l.le
26,08
27.99
31.62
35.08
38.3e
«0.53
“2.9¢
«S5.71
«9.25

RPS
=0.00
=0.00
=0.0u
=-0,00
-0.00
-0.00
=-0.00
-0.00
~0.00
-0.00
=0.00
~0.00
=0.00
=0.00
“0.00

LERS S

ROS
10.07

«9.15
53.3¢

DRAF Y

«331
«325

Fuy

«S71

971
1118

..610

10 DEG TRIM TaRS

RES

“.30
16,70
25.80
34,30
62,50
“9,60
56.60

wiTH APPENDAGES

RES
=0.00
-0.00
=0.00
-0.00
-0.00
=0.00
-0.00
=0.00
=0.00
=0.00
=0.00
=0.00
=0.00
=0.00
=0.00

DEG TRI™ TaRe

RES
.30
26.90
36,50
e R0
“2.60
52.00
S1.20
62.60
aT.00
71.50
17.20
6,50
94,20

60.0v 120.00

ORAF Y
«364
392
659
o8

«3%
37

DRAF Y
«369
07
660
e85
L
Jobe
640
TR
ele
oS
«39%
3%
356
PR
« 328

DRAF T
356
.89
«S0R
YL
o8>
Le70
a7
.82
PR L)

Fav
«566

2.207

3.30)
3.628

Fav

562

961
1.136
1.309
1.45A
1.701
2.010
2.239
2.835
2.R68
3.051
3.331
VehaS
3.978
4,685

FNY

«568
1.108
1.307
1.326
1.582
1.997
2.217
2.600
2,825
3.03%
3278
3,629
3,995
4,590




MODEL LENGTN =

NU=MODEL

VM (FPS)

427
6.98
8.46

MODEL LENGTH = 6,600 FT
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Figure 3 - Stern Views Showing Trim Tabs, 6 Inch Propellers
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Figure 4(a) - Open Water Propeller Characteristics for the 6.0
Inch Diameter Propeller
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Figure 4(b) -~ Open Water Propeller Characteristics for the 5.25 Inch
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Per Cent Tunnel Hull with 5.25 Inch Propellers
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Figure 21 - Summary of Propulsive Coefficients for Parent
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ADDENDUM

CORRECTIONS AND ADDITIONS TO "AN EXPERIMENTAL STUDY OF A HIGH-
PERFORMANCE TUNNEL HULL CRAFT" BY K. HARBAUGH AND D.L. BLOUNT,
SNAME, APRIL 1973.

Since the above paper was published, errors have been discovered
in Figures 10 and 16 of that report. At the request of the authors,
corrected versions of these figures are presented here. Additional
data for the 100% tunnel hull are included for completeness.

The original Figure 10 was intended to illustrate the variation
in A with an. This factor allows for the conversion of bare
parent hull resistance data to resistance of the appendaged tunnel
hull. In fact, the curves given in the orginal Figure 10 represent

g the ratio of bare to appendaged hull resistance for the same

hull form. The relationship can be expressed as

RTpp
"' F
TAx
. RTgp g RTpx
RTpyx RTax
ik, e

Obviously, then the curves are in error by a factor nc, whose

magnitude can be significant. Figure 7 of Reference 1 presents
curves of (;i— - 1) x 100 and (;i— -1) x 100. These have been
reworked and supplemented with 100% tunnel results and are given in
Figure Al, as curves of e and "y Vs an. This figure illustrates
the magnitude of the error in the original curves of " The error

was carried through into the determination of the efficiency factor !

n-un-ilﬁ-liiﬁ-n-.-l-HI--llbl.l.i..'...l-i‘.'."l
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more optimistic conclusions of Reference 1 compared to the current

) depicted as Figure 16 of Reference 1 and accounts for the

report as to the merits of the various tunnel hull forms.
Corrected Figures 10 and 16 for Reference 1 are appended as
Figures A2and A3, with additional data for the 100% tunnel hull.
These figures can be used with the preliminary design method
outlined in Reference 1 to obtain speed-power estimates based on

parent hull speed-bare hull resistance relationships.

Notation

RT Appendaged hull resistance: X=P for parent hull
AX X=T for tunnel hull

RT Bare hull resistance: X=P for parent hull
BX X=T for tunnel hull

>
o
=)
>
>

3
n
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Figure Al - Resistance Ratios ‘C and " for Three Tunnel
Hulls

57




1.0 | |
3 |
,,,,, , e = | |
é
0.9 S~ 1> i 4
\‘ \\ ] i
N \f\\‘\j——’ |
i \ij>\\~wv | ,Sy;A : L\\“~*’ |
< |
{
i | N LY
g 2 08 | X K
o | | ———— Parent ‘ N ] \r/ l
U — e AO0R ' i , !
= . g i !
—--—  100% x ;
0.7 | NS |
' | )
| ‘ :\"‘/
0.6
0 1.0 2.0 3.0 4.0 5.0
FnV

Figure A2 - Resistance Ratio A (Replaces Figure 10 of
Reference 1)




1.6
6 Inch Propellers Parent Hull Had 5.875
P Parent ngh ProPs;{ff',
| 40%
AR 658
1.4
% . ~T™ l
::':x= 7
— C< % / R I
c /f /P_
1.2 et /
— r
/\/"_—\ ‘
| ‘ : {
1.0 i *
5.25 Inch Propellers ‘
' Parent
1.8 | = 402
oy el O ‘ / j
-—'-"_looz, SR | SR . 4 / 15 i
i [ 4 [
1 | /
1.6 J s /
-~ ::: 1 \/ ‘
< | - ~
(=3 | adl | | |
_ L . + rdence e l'/‘ | £ l‘ 4’\ i
8 1 | L # ‘
P 1.4 s ) |
5 | Pty
9 | — | .
o | Pati
P | 1.2 } b ot
| |
1 7\/ + {
1.0 f
0 1.0 2.0 3.0 4.0 5.0
an
Figure A3 - Efficiency Factor (Replaces Figure 16 of
Reference 1) "A"H"R




REFERENCES

1. Harbaugh, K.H. and D.L. Blount, "An Experimental Study of a
High Performance Tunnel Hull Craft," presented before the Society
of Naval Architects and Marine Engineers, Lake Buena Vista, Florida
(Apr 1973).

2. Toro, A.I., '"Shallow-Water Performance of a Planing Boat,"
University of Michigan, Department of Naval Architecture and Marine
Engineering, Report 019, Apr 1969,




DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA.
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.

(3) TECHNICAL MEMORANDA AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.




